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Description 

LOW NOISE FAST STABLE VOLTAGE 
REGULATOR CIRCUIT 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a voltage regulator cir- 
cuit, and more specifically, to a low noise and fast stable 
voltage regulator circuit. 

[0003] 2. Description of the Prior Art 

[0004] a voltage regulator circuit is frequently used to provide a 
stable voltage source. In order to suppress the noise in- 
herent in the reference voltage, a RC low pass filter is 
usually added in front of the voltage comparator to make 
sure that the voltage regulator circuit can generate an 
output voltage with low noise. 

[0005] However, a RC low pass filter not only suppresses noise 

but also introduce a RC time delay while the signal is pro- 
cessed. This RC time delay causes the voltage regulator 



circuit to waste more time for stabilizing the voltage sig- 
nal. 

[0006] please refer to Fig. 1, a simple block diagram of a low 
noise voltage regulator circuit of the prior art is illus- 
trated. The low noise voltage regulator circuit 100 con- 
tains a reference voltage generator 110, a RC low pass fil- 
ter 120, and a stabilizing circuit 130. The reference volt- 
age generator 110 is electrically coupled to a first node 
150, it is used to generate a reference voltage V . The RC 
low pass filter 120 is electrically coupled between the first 
node 150 and a second node 160, it receives the refer- 
ence voltage from the first node 150 and generates a 
low noise voltage V . The stabilizing circuit 130 is electri- 
cally coupled to the second node 160 and a third node 
170, it receives the low noise voltage V from the second 
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node 160 and generates a low noise stable voltage V , 

reg 

then outputs the low noise stable voltage V to the third 

reg 

node 170. 

[0007] |f t he reference voltage generator 110 starts to output the 
reference voltage at time tO, because of the time delay 
effect caused by the RC low pass filter 120, the low noise 
voltage V will be charged to the value of the reference 
voltage V at time tO+At, whereAt>0. Even if the reference 



voltage is already stable at time tO, the stabilizing cir- 
cuit 130 still have to wait until time tO+At to get the low 
noise voltage V . Then the stabilizing circuit 130 can start 
to output the low noise stable voltage V at the third 
node 170. The time delay effect (that is, At) will slow 
down the speed of the whole circuit. 
[0008] The switching delay on the low noise stable voltage V 

reg 

reduces the battery lifetime of the other consuming cir- 
cuits which use the low noise stable voltage V as its 

reg 

power supply. Therefore it is desired to reduce the time 
delay effect on the signal caused by the RC low pass filter 
120. 

Summary of Invention 

[0009] Therefore it is an objective of the present invention to 
provide a low noise fast stable voltage regulator circuit 
containing a switching circuit, which can switch between 
two different states to solve the time delay problem men- 
tioned above. 

[0010] | n summary, the present invention provides a voltage reg- 
ulator circuit for generating a stable voltage signal with 
low noise. According to the embodiment, the voltage reg- 
ulator circuit contains a reference voltage generator, a 
switching circuit, and a stabilizing circuit. The reference 



voltage generator is electrically coupled to a first node, it 
generates a first voltage signal and outputs the first volt- 
age signal to the first node. The switching circuit is elec- 
trically coupled to the first node, a second node, and a 
switching control signal, it receives the first voltage signal 
from the first node and processes on the first voltage sig- 
nal to generate a second voltage signal, then outputs the 
second voltage signal to the second node. The switching 
circuit is capable of switching between a first state and a 
second state. When the switching circuit is at the first 
state, it functions like a voltage follower, the first voltage 
signal is coupled to become the second voltage signal 
without being filtered. When the switching circuit is at the 
second state, it functions like a RC low pass filter, the first 
voltage signal is filtered to generate the second voltage 
signal. The stabilizing circuit is electrically coupled to the 
second and a third node, it receives the second voltage 
signal from the second node and outputs the stable volt- 
age signal from the third node. 
1 ] After reading the following detailed description of the 
preferred embodiment that is illustrated in the various 
figures and drawings, these and other objectives of the 
present invention will no doubt become obvious to those 



of ordinary skills in the prior art. This invention can meet 

the requirement of having a regulated, low noise output 

and fast stable transient response at the same time. 
Brief Description of Drawings 

[0012] pig.l is a block diagram of a conventional low noise volt- 
age regulator circuit of the prior art. 

[0013] Fig. 2 is an embodiment block diagram of the low noise 
voltage regulator circuit of the present invention. 

[0014] pig. 3 is an embodiment block diagram of the switching 
circuit of Fig. 2. 

[0015] Fig. 4 is an embodiment block diagram of the switch cir- 
cuit of Fig. 3. 

[0016] Fig. 5 is an embodiment circuit diagram of Fig. 4. 

[0017] Fig. 6 is an embodiment block diagram of a feedback cir- 
cuit for using in company with the circuit of Fig. 5. 
[0018] Fig. 7 is an embodiment circuit diagram of Fig. 4. 

[0019] Fig. 8 is an embodiment block diagram of a feedback cir- 
cuit for using in company with the circuit of Fig. 7. 

[0020] Fig. 9 is an embodiment block diagram of the switching 
circuit of Fig. 2. 

[0021] Fig. 10 is an embodiment circuit diagram of Fig. 9. 

[0022] Fig. 11 is an embodiment block diagram of a feedback cir- 



cuit for using in company with the circuit of Fig. 10. 
[0023] Fig. 12 is an embodiment circuit diagram of Fig. 9. 

[0024] Fig. 13 is an embodiment block diagram of a feedback cir- 
cuit for using in company with the circuit of Fig. 12. 
Detailed Description 

[0025] please refer to Fig. 2, an embodiment block diagram of the 
low noise voltage regulator circuit of the present invention 
is illustrated. The low noise voltage regulator circuit 200 
contains a reference voltage generator 210, a switching 
circuit 220, and a stabilizing circuit 230. The reference 
voltage generator 210 is electrically coupled to a first 
node 250, it generates a first voltage signal V and out- 
puts the first voltage signal V to the first node 250. The 
switching circuit 220 is electrically coupled to the first 
node 250, a second node 260 and a switching control sig- 
nal 280, it receives the first voltage signal V from the 
first node 250 and processes on the first voltage signal V 
to generate a second voltage signal V , then outputs the 
second voltage signal V to the second node 260. The 
switching circuit 220 shown in Fig. 2 is capable of switch- 
ing between a first state and a second state according to 
the switching control signal 280. When the switching cir- 



cuit 220 is at the first state, it serves as a voltage follower. 
The first voltage signal V is coupled to become the sec- 
ond voltage signal V 2 without being filtered. When the 
switching circuit 220 is at the second state, it serves as a 
RC low pass filter, the first voltage signal V is filtered to 
generate the second voltage signal M^. The stabilizing cir- 
cuit 230 is electrically coupled to the second node 260 
and a third node 270, it receives the second voltage signal 
V 2 from the second node 260 and outputs a third voltage 
signal V from the third node 270. The stabilizing circuit 

reg 

230 includes a negative feedback path for providing a 
stable signal at the third node 270. 
[0026] when the reference voltage generator 210 starts to output 
voltage signals, the switching circuit 220 is at the first 
state, the first voltage signal V is coupled to become the 
second voltage signal without suffering from the RC 
time delay effect. Because the stabilizing circuit 230 can 
receive a non-delayed input voltage, the third voltage sig- 
nal V will soon be stabilized. After the whole circuit sta- 

reg 

bilizes, the switching circuit 220 switches to the second 
state. Before and after the switching transient, the value of 
the second voltage signal V2 does not change much, 
hence the input voltage of the stabilizing circuit 230 re- 



mains about the same value and does not suffer from the 
time delay effect caused by the RC network. The regulator 
200 can output a stable and low noise voltage. 
[0027] please refer to Fig. 3, an embodiment block diagram of the 
switching circuit 220 of Fig. 2 is illustrated. The switching 
circuit 220 contains a resistor R, a capacitor C, and a 
switch circuit 321. The resistor R is electrically coupled 
between the first node 250 and the second node 260. The 
capacitor C is electrically coupled between a fourth node 
390 and the ground. The switch circuit 321 is electrically 
coupled to the first node 250, the second node 260, the 
fourth node 390 and the switching control signal 280. The 
switch circuit 321 can switch the switching circuit 220 be- 
tween the first state and the second state according to the 
switching control signal 280. When the switching circuit 
220 is at the first state, the switch circuit 321 couples the 
first node 250 to the fourth node 390. Hence, the first 
voltage signal V on the first node 250 can be coupled to 
the second node 260 without being filtered. At this time 
the switching circuit 220 is similar to a voltage follower. 
When the switching circuit 220 is at the second state, the 
switch circuit 321 couples the second node 260 to the 
fourth node 390, at this time the switching circuit 220 is 



similar to a RC low pass filter. 

[0028] please refer to Fig. 4, an embodiment block diagram of the 
switch circuit 321 of Fig. 3 is illustrated. In Fig. 4 the switch 
circuit 321 contains a first switch 422 and a second switch 
423. The first switch 422 is electrically coupled between 
the first node 250 and the fourth node 390. When the 
switching circuit 220 is at the first state, the switching 
control signal 280 turns on the first switch 422, for cou- 
pling the first node 250 to the fourth node 390. When the 
switching circuit 220 is at the second state, the switching 
control signal 280 turns off the first switch 422. The sec- 
ond switch 423 electrically couples the second node 260 
to the fourth node 390. When the switching circuit 220 is 
at the first state, the switching control signal 280 turns off 
the second switch 423. When the switching circuit 220 is 
at the second state, the switching control signal 280 turns 
on the second switch 423, for coupling the second node 
260 to the fourth node 390. 

[0029] please refer to Fig. 5, an embodiment circuit diagram of 
Fig. 4 is illustrated. In Fig. 5 a PMOS transistor 522 is used 
to implement the first switch 422 of Fig. 4, having the gate 
terminal electrically coupled to the switching control sig- 
nal 280, the source terminal electrically coupled to the 



first node 250, and the drain terminal electrically coupled 
to the fourth node 390. An NMOS transistor 523 is used 
to implement the second switch 423 of Fig. 4, having the 
gate terminal electrically coupled to the switching control 
signal 280, the drain terminal electrically coupled to the 
second node 260, and the source terminal electrically 
coupled to the fourth node 390. For satisfying the re- 
quirements of the switching circuit 220 under the two dif- 
ferent states, when the switching circuit 220 is at the first 
state, the channel between the drain and the source ter- 
minal of the PMOS transistor 522 is closed and the chan- 
nel between the drain and the source terminal of the 
NMOS transistor 523 is open. So the switching control 
signal 280, which is used to control the PMOS transistor 
522 and the NMOS transistor 523, should be at a low po- 
tential when the switching circuit 220 is at the first state. 
When the switching circuit 220 is at the second state, the 
channel between the drain and the source terminal of the 
PMOS transistor 522 is open and the channel between the 
drain and the source terminal of the NMOS transistor 523 
is closed, so the switching control signal 280 should be at 
a high potential when the switching circuit 220 is at the 
second state. The switching control signal 280 can be im- 



plemented with an on-chip digital timer, a timing delay 
control signal or a feedback circuit shown in Fig. 6. 
[0030] please refer to Fig. 6, an embodiment block diagram of a 
feedback circuit for using in company with the circuit of 
Fig. 5 is illustrated. In Fig. 6 the input end of an inverter 
chain 681 is electrically coupled to the third node 270 of 
the stabilizing circuit 230 of Fig. 2, the output end is used 
to provide the switching control signal 280. It generates 
the switching control signal 280 according to the third 
voltage signal V on the third node 270. Before the out- 

reg 

put voltage of the stabilizing circuit 230 reaches a thresh- 
old voltage, the third voltage signal V will be deter- 

reg 

mined as at a low potential. For speeding up the voltage 
regulation process, the switching circuit 220 is at the first 
state. After the output voltage of the voltage regulator 
230 become larger than the threshold voltage, the third 
voltage signal V will be determined as at a high poten- 

reg 

tial. The switching circuit 220 is at the second state in or- 
der to make the whole circuit suppress noise and regulate 
voltage at the same time. Hence, the inverter chain 681 
contains an even number of inverters, so the switching 
control signal 280 can switch the switching circuit 220 
between two different states correctly. 



[0031] please refer to Fig. 7, another embodiment circuit diagram 
of Fig. 4 is illustrated. As shown in Fig. 7, an NMOS transis- 
tor 722 is used to implement the first switch 422 of Fig. 4, 
having the gate terminal electrically coupled to the 
switching control signal 280, the drain terminal electri- 
cally coupled to the first node 250, the source terminal 
electrically coupled to the fourth node 390. A PMOS tran- 
sistor 723 is used to implement the second switch 423 of 
Fig. 4, having the gate terminal electrically coupled to the 
switching control signal 280, the source terminal electri- 
cally coupled to the second node 260, the drain terminal 
electrically coupled to the fourth node 390. For satisfying 
the requirements of the switching circuit 220 under the 
two different states, when the switching circuit 220 is at 
the first state, the switching control signal 280 is at a high 
potential. When the switching circuit 220 is at the second 
state, the switching control signal 280 is at a low poten- 
tial. The switching control signal 280 can be implemented 
with an on-chip digital timer, a timing delay control signal 
or a feedback circuit shown in Fig. 8. 

[0032] please refer to Fig. 8, an embodiment block diagram of a 
feedback circuit for using in company with the circuit of 
Fig. 7 is illustrated. In Fig. 8, the input end of an inverter 



chain 881 is electrically coupled to the third node 270 of 
the stabilizing circuit 230 of Fig. 2. The output end is used 
to provide the switching control signal 280. The operation 
principle is similar to Fig. 6, the difference is that in Fig. 8 
the inverter chain 881 contains an odd number of invert- 
ers, so the switching control signal 280 can switch the 
switching circuit 220 between the two states correctly. 
[0033] Besides the block diagram shown in Fig. 3, there are vari- 
ous other ways to implement the switching circuit 220 of 
Fig. 2. For example, another embodiment block diagram of 
the switching circuit 220 of Fig. 2 is illustrated. In Fig. 9 the 
switching circuit 220 contains a resistor R, a capacitor C, 
and a switch 922. The resistor R is electrically coupled be- 
tween the first node 250 and the second node 260. The 
capacitor C is electrically coupled between the second 
node 260 and the ground. The switch 922 is electrically 
coupled between the first node 250 and the second node 
260. The switch 922 can switch the switching circuit 220 
between the first state and the second state according the 
switching control signal 280. When the switching circuit 
220 is at the first state, the switching control signal 280 
turns on the switch 922, for coupling the first node 250 
with the second node 260. At this time the first voltage 



signal V on the first node 250 can be coupled to the sec- 
ond node 260 without being filtered, so the switching cir- 
cuit 220 is substantially equivalent to a voltage follower. 
When the switching circuit 220 is at the second state, the 
switching control signal 280 turns off switch 922. At this 
time the switching circuit 220 becomes a RC low pass fil- 
ter. 

[0034] please refer to Fig. 10, an embodiment circuit diagram of 
Fig. 9 is illustrated. In Fig. 10 an NMOS transistor 924 is 
used to implement the switch 922 of Fig. 9. The NMOS 
transistor 924 has the gate terminal electrically coupled to 
the switching control signal 280, a first terminal electri- 
cally coupled to the first node 250, and a second terminal 
electrically coupled to the second node 260. For satisfying 
the requirement of the switching circuit 220 under two 
different states, when the switching circuit 220 is at the 
first state, the channel between the first terminal and the 
second terminal of the NMOS transistor 924 is closed, and 
the switching control signal 280 that couples to the gate 
of the NMOS transistor 924 is at a high potential. When 
the switching circuit 220 is at the second state, the chan- 
nel between the first terminal and the second terminal of 
the NMOS transistor 924 is open, and the switching con- 



trol signal 280 is at a low potential. The switching control 
signal 280 can be implemented with an on-chip digital 
timer, a timing delay control signal or a feedback circuit 
shown in Fig. 11. 
[0035] please refer to Fig. 11, an embodiment block diagram of a 
feedback circuit for using in company with the circuit of 
Fig. 10 is illustrated. In Fig. 11 the input end of an inverter 
chain 925 is electrically coupled to the third node 270 of 
the stabilizing circuit 230 of Fig. 2. The output end of the 
inverter chain 925 is used to provide the switching control 
signal 280. The operation principle is similar to the feed- 
back circuit shown in Fig. 6 and Fig. 8. However, the in- 
verter chain 925 shown in Fig. 11 contains an odd number 
of inverters, so the switching control signal 280 can 
switch the switching circuit 220 between the two states 
correctly. 

[0036] please refer to Fig. 12, an embodiment circuit diagram of 
Fig. 9 is illustrated. Similar to Fig. 10, in Fig. 12 a PMOS 
transistor 926 is used to implement switch 922 of Fig. 9. 
The PMOS transistor 926 has the gate terminal electrically 
coupled to the switching control signal 280, a first termi- 
nal electrically coupled to the first node 250, and a sec- 
ond terminal electrically coupled to the second node 260. 



For satisfying the requirement of the switching circuit 220 
under the two different states, when the switching circuit 
220 is at the first state, the channel between the first ter- 
minal and the second terminal of the PMOS transistor 926 
must be closed. Hence, the switching control signal 280 
coupled to the gate of the PMOS transistor 926 should be 
at a low potential. When the switching circuit 220 is at the 
second state, the channel between the first terminal and 
the second terminal of the PMOS transistor 926 must be 
opened, so the switching control signal 280 should be at a 
high potential. The switching control signal 280 can be 
implemented with an on-chip digital timer, a timing delay 
control signal or a feedback circuit shown in Fig. 13. 
[0037] please refer to Fig. 13, an embodiment block diagram of a 
feedback circuit for using in company with the circuit of 
Fig. 12 is illustrated. In Fig. 13 the input end of an inverter 
chain 927 is electrically coupled to the third node 270 of 
the stabilizing circuit 230 of Fig. 2. The output end of the 
inverter chain 927 is used to provide the switching control 
signal 280. The main principle is similar to a feedback cir- 
cuit of Fig. 6, Fig. 8, and Fig 11. However, in Fig. 13 the in- 
verter chain 927 should contains an even number of in- 
verters, so that the switching control signal 280 can 



switch the switching circuit 220 between the two states 
correctly. 

[0038] | n contrast to the prior art, the low noise voltage regulator 
circuit of the present invention has a switching circuit that 
can switch between two different states. The switching 
circuit can switch to a first state to serve as a voltage fol- 
lower for speeding up the stability of output voltage sig- 
nals, and switch to a second state and serves as a RC low 
pass filter for suppressing noise. By switching the switch- 
ing circuit between these two states, the low noise voltage 
regulator circuit of the present invention can simultane- 
ously have fast stable and low noise output voltage. 

[0039] Those skills in the art will readily observe that numerous 
modification and alternation of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



